The effects of historical barriers in biogeographical patterns are expected to 17 persist differently depending on dispersal abilities of organisms. We tested two hypotheses that 18 plant groups with different dispersal abilities display different floristic patterns, and that 19 historical barriers can explain floristic differentiation patterns in plants with low dispersal 20 ability but not in plants with higher dispersal ability, in the seed plant flora of the Ryukyu 21
depending on abiotic and biotic factors such as the spatial configuration of habitats and the 1 dispersal ability of organisms. Increased knowledge of the shifting relative importance in 2 relation to these factors would enhance our understanding of processes that structure 3 biogeographic patterns. The Ryukyu Archipelago is a suitable study area for such studies. 4 5 The Ryukyu Archipelago is an assemblage of continental islands located between Kyushu 6 Island of Japan and Taiwan (Fig. 1 ). This area is biogeographically interesting because several 7 similar floristic differentiation patterns have been proposed, all of which are primarily 8 explained by two historical barriers, the Tokara Tectonic Strait (Tokara Gap) and the Kerama 9
Gap, which arose during the formation of the islands (Hara, 1959; Good, 1974; Maekawa, 10 1974; Shimabuku, 1984; Takhtajan, 1986; Kitamura et al., 1994) . However, it is expected that 11 plant groups whose seeds/fruits exhibit differing dispersal abilities display different floristic 12 patterns because the effects of the historical barriers are dependent on dispersal ability. That is, 13 a lower dispersal ability results in a greater amount of time that the historical effects are able to 14 persist, whereas a higher dispersal ability results in fewer historical effects (Nekola & White, 15 1999) . Therefore, it is thought that historical barriers can explain floristic differentiation 16 patterns in plants with low dispersal ability, but not in plants with higher dispersal ability. In the 17 latter case, it is expected that without an effective barrier to dispersal, the floristic 18 differentiation would be correlated to the geographic distance between the islands, and that the 19 floristic pattern is explained by this spatial effect. 20
21
To test this hypothesis, we compiled the distribution records of seed plants and grouped them 22 into three dispersal-ability classes for each island of the Ryukyu Archipelago to examine the 23 floristic patterns for each dispersal-ability class. We then used a multivariate approach to 24 examine how the significance of the effects of the two historical barriers and the geographic 25 islands were selected because of the availability of reliable lists of seed plant flora. Based on the 1 two gaps, the islands of the Ryukyu Archipelago are divided into three groups: the islands 1 to 2 12, 13 to 22, and 23 to 26 belong to the northern, central, and southern Ryukyus, respectively. 3
The Ryukyu Archipelago is in the subtropics, or the transition from tropical to warm temperate 4 zones (Good, 1974) . The climate is moderate throughout the year with a mean temperature of 5 approximately 15°C during the winter and 28°C in summer, and annual precipitation exceeds 6 2000 mm with no dry season. Therefore, the islands are covered in well-developed 7 broad-leaved evergreen forests (Maekawa, 1974 included a similar number of species. Estimation of dispersal abilities was based on dispersal 20 vectors estimated on the basis of seed/fruit morphology (e.g., Brown & Gibson, 1983) . 21
Infraspecific taxa were not separated to avoid taxonomic incongruence among the literature 22 sources and to avoid giving intra-and inter-specific differences equal weighting. 23
24
For each dispersal-ability class, the pairwise floristic similarity between islands was calculated 6 using Simpson's similarity index (SI); SI = γ β -1 , (α > β), where γ is the number of species 1 shared between two islands, and α and β are the numbers of species on each of the two islands 2 (Simpson, 1943) . SI is one of the most frequently used similarity indices in biogeographic 3 analyses (Brown & Gibson, 1983), and we selected this index because it does not give an 4 improperly low similarity value when the areas (and hence the numbers of species) being 5 compared differ greatly (Balgooy, 1971). Floristic dissimilarity distance was calculated by 6 subtracting the value of SI from 1. 7 8 Historical and spatial variables 9
10
The historical effect of the Tokara Gap was expressed as a categorical matrix using dummy 11 variables; a value of 1 was given to matrix elements comparing two islands crossing over the 12 Tokara Gap, and a value of 0 was given to matrix elements comparing two islands on either side 13 of the Tokara Gap. The matrix of the Kerama Gap was constructed in the same manner. This is 14 because the proposed dates of the formation of the gaps are very approximate (Ota, 1998) , 15 meaning that we cannot use these dates as accurate and reliable variables. The results of the partial Mantel tests are shown in Table 1 . In the high-dispersal ability class, 15 the partial regression of the floristic distance matrix on the matrix of the Tokara Gap, 16 controlling the effect of the geographic distance, was positive and significant (r = 0.31, p = 17 0.0001; in partial Mantel tests of this study, significance level 5% with Bonferroni adjustment 18 was p = 0.05/12 = 0.0042), and so was the partial regression of the floristic distance matrix on 19 the geographic distance, controlling the effect of the Tokara Gap (r = 0.31, p = 0.0002). The 20 partial regression of the floristic distance matrix on the matrix of the Kerama Gap, controlling 21 the effect of the geographic distance, was negative but not significant (r = -0.07, p = 0.1876), 22
whereas the effect of the geographic distance, controlling the effect of the Kerama Gap, was 23 significantly positive (r = 0.29, p = 0.0002). The results for the intermediate and low regression of the floristic distance matrix on the matrix of the Tokara Gap, controlling the effect 1 of the geographic distance, was significantly positive (intermediate: r = 0.44, p = 0.0002; low: r 2 = 0.18, p = 0.0037) and vice versa (intermediate: r = 0.38, p = 0.0001; low: r = 0.49, p = 0.0001). 3
The partial regression of the floristic distance matrix on the matrix of the Kerama Gap, 4 controlling the effect of the geographic distance, was significantly negative (intermediate: r = -5 0.28, p = 0.0003; low: r = -0.31, p = 0.0006) but the effect of the geographic distance, 6
controlling the effect of the Kerama Gap, was significantly positive (intermediate: r = 0.49, p = 7 0.0001; low: r = 0.55, p = 0.0001). The UPGMA analyses generated similar clustering patterns regardless of dispersal-ability class. 25
This result rejects the hypothesis that plant groups with different dispersal abilities exhibit 1 different floristic patterns. Biogeographic patterning results from each organism's migration, 2 which is a function of its dispersal ability and landscape resistance to the movement of the 3 organism (Nekola & White, 1999) . Therefore, the similar floristic patterns observed here are 4 likely explained from these two viewpoints. 5 6 One explanation for our results is that the classification of dispersal ability was not adequate 7 and there was no significant difference in the potential dispersal distances among the three 8 classes. It is difficult to accurately estimate the dispersal ability of plants because evidence of 9 dispersal, especially such a long-distance dispersal as to cross over sea, is not available for most 10 plant species (Cain, 1974) . Also, with respect to long distance dispersal, estimating dispersal 11 abilities based on seed/fruit morphology might be misleading because the morphological 12 adaptations of seeds/fruits that are typically used to identify the standard dispersal vector tend 13 to govern short-distance dispersal but do not necessarily constitute the main mechanism 14 responsible for long-distance dispersal (Nathan, 2006 abilities based on the seed/fruit morphology is not necessarily unreasonable. Assuming that our 22 dispersal-ability classification was accurate, a second explanation for our results must consider 23 the effect of landscape resistance. 24
Given that the landscape resistance is common to the analyses of the three dispersal-ability 1 classes, it is likely responsible for the similar results in our analyses. Landscape resistance is 2 caused by spatial configuration, particularly size and isolation of habitats. The more isolated 3 and/or the smaller the habitat, the less effective dispersal will be (Nekola & White, 1999; 4 Sklenář & Jørgensen, 1999). For example, in North American spruce-fir forests, isolated 5 habitats restricted to the highest peaks, which are analogous to the habitats of islands, exhibit 6 much stronger landscape resistance than more contiguous habitats (Nekola & White, 1999 ). In 7 the Ryukyu Archipelago, it is very plausible that the isolated distribution of relatively small 8 islands is causing strong landscape resistance. As shown in Fig. 3 , the distance at which the 9 correlation between floristic dissimilarity distance and geographic distance becomes effectively 10 zero was approximately 200 km, regardless of the dispersal-ability class. This means that the 11 geographic extent of the correlation is confined to a comparatively small area while the 12 archipelago extends for more than 1300 km. We propose that because the landscape resistance 13 is so strong that migration of plants is severely restricted regardless of their dispersal abilities, 14 the plant groups whose potential dispersal distances in a contiguous landscape are different 15 generate similar differentiation patterns. 16 17
Significance/insignificance of historical effects 18 19
The partial Mantel tests indicated that the floristic differentiations among islands were 20 explained by both historical effect and geographic distance in all three dispersal-ability classes. 21
This result rejects the hypothesis that historical barriers can not explain floristic differentiation 22 patterns in plants with higher dispersal ability. The UPGMA analyses indicated that the 23 northern, central, and southern Ryukyus were essentially separated. This separation pattern 24 seems to be consistent with the hypotheses of the preceding studies, which explain the floristic 25 differentiation pattern primarily by the historical gaps (Hara, 1959; Good, 1974; Maekawa, 1 1974; Shimabuku, 1984; Takhtajan, 1986; Kitamura et al., 1994) . However, our partial Mantel 2 tests indicated that geographic distance and the Tokara Gap have exhibited significantly 3 positive effects but that the effects of the Kerama Gap were insignificant or significantly 4 negative. The significantly positive effect of the Kerama Gap was spurious. Note that the 5 geographic distances between islands across the Kerama Gap are much larger than those of the 6 Tokara Gap (the shortest distances across each gap are 227.6 km between islands 22 and 23 and 7 36.6 km between islands 12 and 13; Fig. 1 ). However, the UPGMA analyses indicated that the 8 islands of the central and southern Ryukyus were more closely connected to each other than to 9 the islands of the northern Ryukyus. Therefore, the explanation for the insiginificant effect of 10 the Kerama Gap in high dispersal-ability class is that the floristic dissimilarity distance across 11 the Kerama Gap was no more that what was explained by the effect of the accompanying large 12 geographic distance. Similarly, the explanation for the negative effects in the intermediate and 13
low dispersal-ability classes is that the floristic dissimilarity distance across the gap was less 14 than what was expected from the large geographic distance, for which the effect of the Kerama 15
Gap was adjusted to be negative. This is because that although the significantly positive effect 16 of the Kerama Gap was spurious, the negative effects in intermediate and low dispersal-ability 17 classes could also be spurious because it is unlikely that the formation of the Kerama Gap 18 increased the floristic similarity among the islands across the gap, considering that the 19 landbridge had played a significant role in the migration of the plants (Hatusima, 1975; Chiang 20 & Schaal, 2006) . Thus, the effect of the Kerama Gap would actually be positive but 21 indistinguishable compared to the effect of the large geographic distance. 22
23
When we consider that the Tokara Gap is a very narrow strait (the two closest islands across the 24 gap are only 36.6 km apart today), the significant effect of the Tokara Gap requires an 25 explanation as to why ongoing inter-island dispersal has not completely obscured the effect of 1 the past formation of the gap. The duration of the effects of a historical barrier is determined by 2 the amount of time required for organisms to cross it (Nekola & White, 1999) . The Tokara Gap 3 is thought to have formed during the Miocene or at the latest in the early Pleistocene, roughly 4 more than two million years ago (Ota, 1998) Table 1 . Summary of partial Mantel tests of floristic dissimilarity distance in three 1 dispersal-ability classes. The tests were conducted with two pairs of explanatory variables, 2 Tokara Gap-geographic distance, and Kerama Gap-geographic distance. The significance was 3 tested with 10000 randomizations. Significance level 5% with Bonferroni adjustment for 4 multiple comparisons was p = 0.05/12 = 0.0042. * = significant, n.s. = not significant 5 Fig. 3 
